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Abstract
Silicon Photo-Multipliers (SiPM) are regarded as novel photo-detectors to replace conventional Photo-Multiplier Tubes (PMTs).
However, the breakdown voltage dependence on the ambient temperature results in a gain variation of ∼3%/◦C. This severely
limits the application of this device in experiments with wide range of operating temperature, especially in space missions. An
experimental setup was established to investigate the temperature and bias voltage dependence of gain for the Multi-Pixel Photon
Counter (MPPC). The gain and breakdown voltage dependence on operating temperature of an MPPC can be approximated by a
linear function, which is similar to the behavior of a zener diode. The measured temperature coefficient of the breakdown voltage
is (59.4 ± 0.4 mV)/◦C. According to this fact, an analog power supply based on two zener diodes and an operational amplifier
was designed with a positive temperature coefficient. The measured temperature dependence for the designed power supply is
between 63.65 to 64.61 mV/◦C at different output voltages. The designed power supply can bias the MPPC at an over-voltage with
a temperature variation of ∼ 5 mV/◦C. The gain variation of the MPPC biased at over-voltage of 2 V was reduced from 2.8%/◦C to
0.3%/◦C when biased the MPPC with the designed power supply for gain control. Detailed design and performance of the analog
power supply in the temperature range from -42.7◦C to 20.9◦C will be discussed in this paper.
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1. Introduction
The Silicon Photomultiplier (SiPM) has become a promis-
ing device for applications in medical imaging, high energy par-
ticle physics and particle astrophysics with high Photon Detec-
tion Efficiency (PDE), high gain (up to 106), low cost, low oper-
ating voltage (< 100 V), excellent timing resolution (∼ 120 ps)
and insensitivity to magnetic field [1–4]. The SiPM also re-
ferred to as SSPM, AMPD, MPPC, MRSAPD. It consists of an
array of Avalanche Photodiodes (APDs) working in the Geiger
mode. The APDs are biased above the breakdown voltage (VBD)
with quenching resistor in serial and connected in parallel. The
difference between the bias voltage (Vbias) and breakdown volt-
age is called over-voltage (∆V = Vbias − VBD).
Their insensitivity to magnetic field, low operating volatge
(< 100 V), compact size and sensitivity to a small number
of photons make them novel light detectors for the scintilla-
tor detectors on board the Hard X-ray Modulation telescope
(HXMT) [5]. One of the most important problems for the appli-
cation of SiPM onboard the HXMT is the gain dependence on
the operating conditions (bias voltage, operating temperature).
The gain of SiPM is a linear function of the over-voltage. The
breakdown voltage has a positive temperature coefficient about
50mV/◦C which results in a typical gain variation of ∼3%/◦C.
The scintillator detectors on board the HXMT will operate in
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the temperature range from -40◦C to 15◦C. Therefore, it is es-
sential to design a gain control and stabilization system for the
SiPM to operate in a wide range of temperatures.
One way to keep the gain of a SiPM stable is to maintain
the operating temperature at a constant value by using exter-
nal temperature control system. This method is mainly used in
ground experiments, such as the outer hadron calorimeter of the
CMS detector [6]. The temperature control system need a cool-
ing and heating system to keep the temperature stable, which
is not suitable for the scintillator detectors onboard HXMT. As
the extra power budget for the cooling and heating system is
unacceptable for the HXMT. An alternative approach to main-
tain a stable gain is to bias the SiPM at a constant over-voltage.
The bias voltage applied to the SiPM should be adjusted accord-
ing the environment temperature. This can be implemented in
different ways such as closed loop feedback of the dark cur-
rent [7], use of thermistors to compensate the drift of the over
voltage [8], a linear feedback on operating bias voltage [9–12]
or variable gain amplifiers to compensate the variation of the
SiPM gain [13]. Even the SiPM can be used as a temperature
sensor according to the amplitude of dark noise pulses to con-
trol the gain. The gain of SiPM can be measured as a function
of temperature according to the average amplitude of the dark
noise pulses. A negative feedback loop is established to ad-
just the bias voltage of the SiPM according to the variation of
the gain to keep the gain stable [14]. However, the method
that utilizing the dark current or thermistors would induce a
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large gain deviation from the constant value when operating in
a large temperature range. This limits its application in the case
of HXMT. Secondly, linear feedback or negative feedback on
operating voltage need the design of a complex feedback elec-
tronic system based on digital processing unit, which limits its
use in the HXMT. The method that adjust the SiPM bias re-
turn line according the temperature-to-voltage converter [15] is
simple enough to be used in the HXMT. This method needs a
precise power source to bias the SiPM at a fixed voltage. In
the case of HXMT, a space qualified precise power source is
needed. This limits the use of such method onboard the HXMT.
In this paper, a simple analog power supply system for gain
control and stabilization of MPPC on board HXMT was devel-
oped by using zener diode as temperature sensor. The MPPC is
one type of UV sensitive SiPM with a p-on-n structure devel-
oped by Hamamatsu with relative low dark count rate [16, 17].
The type of MPPC used on board HXMT is S10362-33-050C,
consisting of 3600 pixels, covering geometrically 61.5% of to-
tal area of 3mm× 3mm. The breakdown voltage of zener diode
has a positive/negative linear temperature coefficient according
to its breakdown voltage. An analog power supply system with
a linear positive temperature coefficient can be designed based
on zener diodes. Different values of temperature coefficient can
be obtained by using different zener diodes with different break-
down voltage. The designed analog power supply system is a
closed loop feedback system to bias the SiPM at a fixed over-
voltage at different environment temperature by adjusting the
bias voltage automatically.
The working principle of the analog power supply system
was presented in Section 2. In Section 3, the temperature de-
pendence of the MPPC, zener diodes and designed analog power
supply system were investigated. In Section 4, the performance
of the MPPC biased by the designed analog power supply, has
been investigated for demonstration of gain stability in the tem-
perature range from -42.7◦C to 20.9◦C. The measured results
show that the designed power supply system for gain control of
MPPC meets the operating temperature requirement on board
HXMT. A further optimized simple analog circuit to maintain
the gain of a large array of MPPC was proposed in Section 5.
As the designed analog power supply system will be used
in outer space, the zener diodes should be space-qualified prod-
uct. However, there are no significant difference between the
measured temperature coefficients of the zener voltage for the
space-qualified products and industrial products. So the results
of the space-qualified product is not shown in this paper.
2. Working principle of the analog power supply
The MPPC consists of an array of avalanche photo-diodes
operating in Geiger mode with the diodes reversely biased above
the electrical breakdown voltage (VBD). At this bias voltage, the
electric field in the diode depletion region is sufficiently high for
free carriers in the depletion region to produce additional carri-
ers by impact ionization, resulting in a self-sustaining avalanche.
The free carriers can be generated by incident photons or ther-
mal emission. The total charge in the avalanche can be eval-
uated as Q = Cpixel × ∆V , where Cpixel is the effective pixel
capacitance. Neglecting the capacitance difference among the
different pixel cells, the integrated charge is identical for differ-
ent cells. The MPPC gain is defined as the charge produced in
a single pixel avalanche, expressed in elementary charge unit
G(∆V) = Q
e
=
Cpixel
e
(Vbias − VBD) =
Cpixel
e
(Vbias − V0BD − αT ).
(1)
The parameter α in Equation (1) represents the temperature co-
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Figure 1: Block diagram of the analog power supply. The bias voltage applied
to the resistor R4 is used to keep the zener diodes working in avalanche mode.
The output voltage of the power supply can be controlled by the input voltage
Vin.
efficient of the breakdown voltage of the MPPC, and the param-
eter V0BD represents breakdown voltage of MPPC at the temper-
ature of 0◦C. Therefore, the gain of MPPC could be maintained
at a constant value if the MPPC is biased by a voltage source
with a positive temperature coefficient of α.
A simple analog power supply system based on two zener
diodes and a dual operational amplifier is designed, as shown in
Figure. 1. The voltage between the resistor R4 and zener diode
D2 is referred as the output voltage (Vout). The output voltage
is connected to the MPPC to bias the MPPC at voltage of Vout.
A programmable voltage Vin was used as the input voltage to
control the output voltage Vout, which can be expressed as flow-
ing
Vout(Vin, T ) = A · Vin + Vzener(D1) + Vzener(D2). (2)
The parameter A in Equation 2 can be expressed as A =
R3+R1
R3 . When the zener diode is working in the avalanche mode,
the zener voltage has a positive linear temperature coefficient.
From the equation (2), it can be found that the output voltage
Vout have a temperature coefficient which equals to the sum of
that of the two zener diodes. This indicates that an analog power
supply with different temperature coefficient can be obtained by
using zener diodes with different temperature coefficient. To set
the two zener diodes working in avalanche mode, a bias voltage
should be applied to the resistor R4. The applied bias voltage
should be larger than the output voltage Vout. In this paper, the
bias voltage is about 80V and the designed value of R4 is about
50 kΩ. The zener voltage of the D1 and D2 is approximately
33 V, so the current that flowing through D2 and D1 is larger
than 200 µA. If the bias voltage changes about 2V, the current
that flowing through the D2 and D1 will change less than 40uA.
This change is small compared to the 200uA current. And the
zener diodes is working in the avalanching mode, the change of
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the zener voltage that across the Zener diodes induced by the
variance of flowing current could be neglected. This indicates
that the Vout is independent on the bias voltage which is applied
to the resistor R4, just as shown in equation (2).
The independence on the bias voltage reduces the require-
ment for a specific precise power supply system. A simple
charge-pump circuit that regulate the 12 V to 80 V can meet
the requirement of the power supply to bias the resistor R4
at approximately 80 V. As the Vout is independent on the bias
voltage, the temperature dependence of the charge-pump cir-
cuit will not effect the performance of output voltage Vout. This
simplifies the design of the MPPC readout electronics.
The over-voltage of MPPC biased by the analog power sup-
ply can be expressed as flowing
∆V(Vin, T ) = A · Vin + Vzener(D1) + Vzener(D2) − VBD
= A · Vin + (V0zener(D1) + V0zener(D2) − V0BD) + (α1 + α2 − α) · T
(3)
where α1 and α2 represents the zener voltage temperature co-
efficient of diode D1 and D2 respectively, V0zener represents the
zener voltage of the diode at 0◦C. If the sum of the zener volt-
age temperature coefficients of the two zener diodes equals that
of the MPPC, the over-voltage of MPPC can be maintained at a
constant value. This means that the gain of MPPC can be kept
at a constant value at different environment temperatures.
3. Temperature dependence
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Figure 2: Experimental setup.
An experimental setup in dark condition was established to
investigate the temperature and bias voltage dependence of the
gain for the MPPC. The temperature coefficient of the break-
down voltage of the MPPC could be derived from the gain de-
pendence on operating temperature and bias voltage. The de-
rived temperature coefficient is used as the baseline specifica-
tion of the temperature coefficient for the design of the analog
power supply system. According to the measured temperature
coefficient of MPPC, the zener diode with a temperature coeffi-
cient of about 30 mV/◦C was chosen as the zener diode of the
power supply system.
This method can be generalized to other MPPC and SiPM
with different temperature coefficient. The temperature coeffi-
cient of zener diode working in different zener voltage is differ-
ent, it increases with the zener voltage of the diode. The temper-
ature coefficient of the BZV55 series zener voltage ranges from
-3.5 mV/◦C to 88.6 mV/◦C. So, if the temperature coefficient
of the SiPM is different, different zener diodes with different co-
efficient could be used in series to bias the SiPM. The total tem-
perature coefficient of the zener diodes in series is the sum of
that all of the zener diodes. In this work the BZV55-C33 zener
diode is chosen, with a typical temperature coefficient ranging
from 23.3 mV/◦C to 33.4 mV/◦C according to the datasheet of
zener diode. 14 samples of BZV55-C33 were measured in this
paper. It is found that the ture temperature coefficients are al-
most the same for the 14 samples , ranging from 31.31 mV/◦C
to 32.18 mV/◦C. The detailed performance of the zener diode
and designed analog power supply system were investigated.
3.1. Experimental setup
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Figure 3: Measured pulse-height distribution of the MPPC illuminated by the
LED.
The experimental setup shown in Fig. 2 has been devel-
oped to study the characterization of the MPPC. A fast LED
driven by the generator was used as light source to illuminate
the MPPC. The bias voltage of the MPPC is provided by a
Keithley 6487 Picoammeter/Voltage Source. The signal from
the MPPC is amplified by a fast amplifier (designed with the
OPA 657, gain G=-20). And then the amplified signal is read-
out by a QDC (CAEN V965A) with 33ns gate width. The 33ns
gate signal was the synchronizing signal of the LED drive sig-
nal which was provided by the generator. The biased circuit of
the MPPC and the LED were placed in a light-tight box. The
light-tight box was placed into a climatic chamber to study the
performance of MPPC at different environment temperatures.
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Figure 4: Left panel: Measured gain of MPPC as function of bias voltage in the temperature range from −44◦C to 20.9◦C. Right panel: Measured breakdown
voltage of MPPC as function of operating temperature. The linear line shown in the right panel is the linear fitted result.
3.2. Gain and breakdown voltage dependence of the MPPC
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Figure 5: Measured gain vs over-voltage for different operating temperatures.
The lines shown in the figure are the linear fitting results.
The gain and breakdown voltage dependence of the MPPC
were investigated by using the experimental setup as shown in
Fig.2. The light intensity of the LED that illuminated the MPPC
was tuned to make sure that the number of photons incident on
to the sensitive area of the MPPC was below 10. In this way, the
single equivalent photon pulse-height distribution can be mea-
sured with clearly discrete peaks, just as shown in Fig. 3. The
distance between the different single equivalent photon peaks is
linearly proportional to the gain of the MPPC. By dividing this
distance with the conversion gain of the QDC and the electron
charge, the gain of the MPPC can be measured.
The measured gain of the MPPC as a function of bias volt-
age is shown in Fig. 4. At a fixed operating temperature, the
gain of the MPPC is a linear function of bias voltage applied to
the MPPC. By fitting the gain dependence on the bias voltage
with linear equation (1), the breakdown voltage of the MPPC
can be derived at a given operating temperature. The measured
breakdown voltage of the MPPC in the temperature range from
−44◦C to 20.9◦C was shown in Fig. 4. The breakdown voltage
of the MPPC increases as a linear function of operating temper-
ature. The fitted linear temperature coefficient of the breakdown
voltage from Fig. 4 is (59.4 ± 0.4 mV)/◦C. This indicates that
the analog power supply connected to the MPPC should have a
positive temperature coefficient of 59.4mV/◦C to keep the gain
at a constant value at different operating temperatures.
The measured gain dependence on the over-voltage is shown
in Figure. 5. It was derived from Figure. 4 by subtracting the
breakdown voltage from the bias voltage. It is found that all of
the linear curves of the gain dependence on the over-voltage
passed through the zero origin point. The slope of the lin-
ear function becomes slightly smaller as temperature decreases.
This will result in an deviation from constant value for the gain
of MPPC even if the bias voltage of the MPPC is adjusted cor-
rectly according to the temperature coefficient of the MPPC.
3.3. Breakdown voltage dependence of the zener diode
The zener diode working in the avalanche mode has a pos-
itive temperature coefficient and the temperature coefficient in-
creases with the zener voltage. The zener diode with a zener
voltage of 33 V is chosen as the temperature sensor for the ana-
log power supply system. The temperature coefficient of the
zener diode is about 32 mV/◦C, so the sum of two such zener
diodes is about 64 mV/◦C which nearly equals to that of the
MPPC. The output voltage of the power supply system based
on the two 33 V zener diodes can range from 66 V to 74 V near
room temperature. The over-voltage applied to the MPPC when
biased by the power supply system is in the range from 0 V to
3.5 V. The zener diode BZV55-C33 from NXP Semiconductors
was studied as the zener diode for the power supply system, as
shown in Figure. 1. The breakdown voltage dependence for the
14 BZV55-C33 diode samples were studied in the temperature
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Figure 6: Left panel: measured breakdown voltage dependence on the operating temperature for one BZV55-C33 zener diode sample. The solid line in the figure is
the linear fitted result. Right panel: measured temperature coefficient for 14 zener diode samples.
range from −32.3◦C to 18.5◦C. The measured breakdown volt-
age for one of the zener diodes was shown in the Figure. 6. The
temperature coefficient for the zener diode was derived from
the breakdown voltage dependence on the operating tempera-
ture by linear fitting. The measured temperature coefficient for
the zener diode samples were ranging from 31.31 mV/◦C to
32.18 mV/◦C, as shown in the right panel of Figure. 6. The
measured breakdown voltage for the samples at 8◦C are in the
range from 32.06 V to 32.20 V. The difference for the break-
down voltage of different zener diode samples is within 0.14 V.
3.4. Performance of the designed analog power supply
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Figure 7: Block diagram of experimental setup for the measurement of the
temperature coefficient of the analog power supply.
The measured temperature coefficient of the zener diode is
approximately 32 mV/◦C. This means that the temperature co-
efficient for the analog power supply system based on two zener
diodes is about 64 mV/◦C. This is larger than that of the MPPC.
Two zener diodes with the minimum temperature coefficient
were chosen as the D1 and D2 diode in the power supply sys-
tem as shown in Fig. 1. The performance of the designed power
supply system were measured at different environment temper-
atures ranging from -38.7◦C to 22.1◦C. The experimental setup
is shown as Figure. 7. The input voltage Vin was provided by a
Control voltage (V)
2 2.5 3 3.5 4
O
ut
pu
t v
ol
ta
ge
 (V
)
67
68
69
70
71
72
73
74
75
76
 C°22.1 
 C°10.9 
 C°-0.6 
 C°-9.3 
 C°-19.3 
 C°-29.0 
 C°-38.7 
 C)°Temperature (
-40 -30 -20 -10 0 10 20 30 40
O
ut
pu
t v
ol
ta
ge
 (V
)
62
64
66
68
70
72
74
76
78
 / ndf 2χ
 18.03 / 6
Prob   0.006152
p0       
 0.01137± 69.61 
p1       
 0.000455± 0.06385 
 / ndf 2χ
 13.96 / 6
Prob   0.03007
p0       
 0.01136± 70.15 
p1       
 0.0004544± 0.06377 
 / ndf 2χ  11.07 / 6
Prob  . 8616
0       
 .01138± 70.68 
p1       
 0.0004553± 0.06391 
 / ndf 2χ
 12.06 / 6
Prob   0.06068
p0      
 0. 114± 71.22 
p1       
 0.0004558±0.06398 
 / ndf 2χ  9.129 / 6
Prob   0.1665
p0        0.01144± 71.75 
p1        .00 4572± 0.06423 
 / ndf 2χ  9.327 / 6
Prob   0.156
p0       
 0.01147±  72.3 
p1       
 0.0004588± 0.06445 
 / ndf 2χ  10.96 / 6
Prob   0.08963
p0        0.01151± 72.86 
p1        0.0004603±0.06461 
 / ndf 2χ
 9.761 / 6
Prob   0.1351
p0        0.01152± 73.41 
p1        0.0004608± 0.06468 
 / ndf 2χ  13.27 / 6
Prob   0.039
p0        0.01147± 73.97 
p1        0.0004587± 0.06439 
 / ndf 2χ  15.08 / 6
Prob   0.01965
0     0.01141± 7 .53 
p1        0.0004564± 0.06405 
@ 2.2V @ 2.4V
@ 2.6V @ 2.8V
@ 3.0V @ 3.2V
@ 3.4V @ 3.6V
@ .8V @ 4.0V
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The solid lines in the figures show the linear fit results.
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generator to control the output voltage. The bias voltage applied
to resistor R4 is provided by the Keithley 6487 with a voltage of
80 V. During the measurement, the Keithely 6487 measured the
current (I) flowing through the resistor R4. The output voltage
can be derived by subtracting the cross voltage applied to the
resistor R4 from the 80 V bias, Voutput = Vbias − I · R4.
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Figure 9: Measured temperature coefficient at different control voltages for the
power supply system.
The measured output voltage at different environment tem-
peratures are shown in the upper panel of Fig. 8. It is found that
the output voltage of the power supply system increases as a
linear function of the control voltage (Vin). The measured out-
put voltage at room temperature of about 22.1◦C ranging from
70.75 V to 75.92 V. This means that the designed power supply
system can bias the MPPC with an over-voltage ranging from
0.06 V to 5.23 V. From this measurement, the output voltage de-
pendence on the operating temperature can be derived by fixing
the control voltage at a constant value. The results are shown
in the lower panel of Fig. 8. The output voltage increases as a
linear function of the operating temperature at a given control
voltage. The temperature coefficient of the output voltage can
be derived by fitting the output voltage dependence on the oper-
ating temperature with a linear function. The measured temper-
ature coefficient at different control voltages were shown in the
Fig. 9. It is found that the measured temperature coefficient is
in the range from 63.65 mV/◦C to 64.61 mV/◦C. The maximum
temperature coefficient was measured at the control voltage of
3.6 V. The measured temperature coefficient of the power sup-
ply system is larger than that of the MPPC by a value ranging
from 4.5 mV/◦C to 5.2 mV/◦C. This means that if the MPPC is
powered by the designed power supply system, the gain offset
caused by the variation of environment temperature will be re-
duced from ∼2.9%/◦C to ∼ 0.25%/◦C when the over-voltage is
about 2 V.
4. Gain control and stabilization of MPPC
The gain of the MPPC when biased by the designed power
supply system for gain control was measured for comparison
with that biased at 72.1 V by Keithley 6487 Picoammeter/Voltage
Source without gain control. The measurement experimental
setup is shown as in Fig. 2.
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Figure 10: Measured pulse-height distribution of the MPPC with and without
the designed voltage source for gain control at 20.9◦C.
The gain was measured at different environment tempera-
tures ranging from -42.7◦C to +20.9◦C. The gain with gain con-
trol was measured with a control voltage of 2.7 V. This means
that the MPPC can be biased at 72.3 V by the designed power
supply system at 20.9◦C. The measured pulse-height of the
MPPC at 20.9◦C was shown in Fig. 10. The equivalent noise
charge (ENC) of the electronic readout system including the
amplifier could be derived from the pedestal of the pulse-height
distribution of MPPC. The derived ENC without and with the
gain control were 1.16× 105 and 1.05× 105 respectively. These
results showed that the designed voltage source for gain con-
trol do not induce extra noise to the whole electronic readout
system.
The measured gain of MPPC is shown in the upper panel
of Fig. 11. It is found that the gain of the MPPC without gain
control becomes smaller when the environment temperature in-
creases, while the gain with gain control becomes larger. This
is because the temperature coefficient of the designed power
supply system is larger than that of the MPPC with a value of
about 5mV/◦C. The gain of the MPPC without gain control
increased from 4.9 × 105 to 1.4 × 106 when temperature rang-
ing from 20.9◦C to -42.7◦C. The gain has been increased by a
factor of 1.84 due to the 63.6◦C variation of the environment
temperature, while the gain variation with gain control was re-
duced to 0.278 at the same temperature variation, ranging from
5.4 × 105 to 3.9 × 105. This means that the compensation for
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variation of breakdown voltage caused by the change of tem-
perature is efficient. The gain dependence on the environment
temperature can be fitted by a linear function G(T ) = A+ B · T .
The linear fitted results for the gain without gain control are
A = (8.741± 0.017)×105 and B = −(0.183± 0.001)×105. The
fitted results with gain control are A = (4.883 ± 0.013) × 105
and B = (0.024 ± 0.001) × 105. From the fitted results, it is
found that the absolute slope of the gain dependence on oper-
ating temperature is reduced by an order of magnitude with the
designed power supply for gain control.
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Figure 11: Measured gain variance vs temperature with and without the de-
signed voltage source for gain control.
The relative temperature coefficient for the gain of the MPPC
with and without the designed power supply system for gain
control was measured for comparison. The temperature coeffi-
cient for the gain is defined as following
A = |
dG
dT | ·
1
G
(4)
where G represents the gain of MPPC and T represents the
environment temperature. The biased voltage applied to the
MPPC was tuned to measure the gain at different over-voltages.
The gain was measured at different environment temperatures.
The measured temperature coefficient for the MPPC at differ-
ent over-voltages is shown in the lower panel of Fig. 11. It is
found that the temperature coefficient for the gain is in the range
from 2.8%/◦C to 2.15%/◦C when the MPPC was biased with an
over-voltage ranging from 2 V to 2.5 V without gain control.
The temperature coefficient was reduced below 0.5%/◦C when
the MPPC was biased by the designed power supply system
for gain control. The temperature coefficient becomes smaller
when the MPPC was biased with a larger over-voltage. The
measured temperature coefficient for the gain of MPPC was re-
duced approximately by an order of magnitude when biased by
the designed programmable power supply system for gain con-
trol. It was reduced from 2.8%/◦C to 0.3%/◦C. This measured
result is consistent with the prediction for the designed power
supply system based on the measured temperature coefficient
of the MPPC and zener diodes.
5. Conclusions and Discussion
FAST-AMP
¡
Bias
voltage
MPPC
Signal output
D 1
D N
Figure 12: Low power dissipation temperature compensation circuit for the
MPPC.
The gain of the MPPC was measured at different operat-
ing temperatures to determine the gain temperature coefficient.
The measured temperature coefficient of the breakdown voltage
was (59.4±0.4 mV)/◦C. The zener diode working in avalanche
region has a similar positive linear temperature coefficient of
zener voltage. By combining two zener diodes in series, an
analog power supply system can be designed to have a positive
linear temperature coefficient which equals that of the MPPC.
The measured temperature coefficient for the designed power
supply system based on two BZV55-C33 zener diodes was in
the range from 63.65 mV/◦C to 64.61 mV/◦C. The relative
gain temperature coefficient for the MPPC was reduced from
2.8%/◦C to 0.3%/◦C when biased at over-voltage of 2 V by the
designed power supply system. A good stabilization of the gain
for varies temperature from -42.7◦C to +20.9◦C was achieved.
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The designed analog power supply system has been used as the
bias voltage source for the MPPC on board the HXMT. Now,
the flight-model of the analog power supply is under construc-
tion.
The main drawback of the designed analog power supply
was the large power dissipation which was about 50 mW. This
will limit the application of the designed power supply system
especially in the case with thousands of MPPCs. The designed
power supply system includes an operating amplifier which is
quite complex for the large detector system with thousands of
MPPCs. The designed power supply system can be simplified
by using negative linear temperature coefficient zener diodes,
just as shown in Fig. 12. By this optimization, the power con-
sumption is expected to be reduced from 50 mW to about 5 mW.
Several zener diodes which have negative linear temperature
coefficient are in series with the MPPC to compensation the
voltage offset caused by the temperature variation. The zener
diode is biased by a precise voltage source with feedback sys-
tem to eliminate the effect of temperature. As the zener diodes
have a negative temperature coefficient, the voltage that applied
to the MPPC will have a positive temperature coefficient with
a absolute value equals to the sum of that of the zener diodes.
By using proper number of zener diodes with given temperature
coefficient, the temperature coefficient of the voltage applied to
the MPPC can become equal to that of the MPPC. Therefore
the gain of the MPPC can be maintained at a constant value
at different operating temperatures. This method can be used
to maintain the gain of a large array of MPPC for its simpler
circuit and lower power consumption.
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